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ABSTRACT 

T e s t  r e s u l t s  a r e  p r e s e n t e d  fo r  the c r y o s o r p t i o n  of h y d r o g e n  on 
a c o m m e r c i a l l y  m a n u f a c t u r e d  m o l e c u l a r  s i e v e  5A panel  o p e r a t e d  n e a r  
2 0 ~ .  The  e f fec t s  of r e p e a t e d  ac t i va t i ons ,  w a t e r  and a i r  c o n t a m i n a -  
t ion u n d e r  vacuum,  and e x p o s u r e  to a t m o s p h e r i c  cond i t ions  w e r e  
o b s e r v e d .  Us ing  su i t ab l e  o p e r a t i n g  t e c h n i q u e s ,  pumping  s p e e d s  n e a r  
t h e o r e t i c a l  m a x i m u m s  w e r e  ob ta ined .  

i i i  
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SECTION I 
INTRODUCTION 

C l e a n  v a c u u m  p r o d u c t i o n  i s  a s i g n i f i c a n t  r e q u i r e m e n t  fo r  s p a c e  s i m u -  
l a t i o n  f a c i l i t i e s .  C r y o p u m p s  o p e r a t i n g  n e a r  20~K s a t i s f y  c l e a n l i n e s s  
r e q u i r e m e n t s  and p r ov ide  h igh  v o l u m e t r i c  pumping  speeds  for  a l l  g a s e s  
and v a p o r s  excep t  h y d r o g e n ,  h e l i u m ,  and neon.  The  c u r r e n t  p r a c t i c e  of 
d i f fus ion  pumping  t h e s e  n o n c o n d e n s a b l e s  can  i m p o s e  u n d e s i r a b l e  e n v i r o n -  
m e n t a l  c o n t a m i n a n t s ,  p a r t i c u l a r l y  pump oil .  P u m p i n g  s p e e d s  l i m i t e d  by 
a v a i l a b l e  c h a m b e r  wal l  a r e a  and e c o n o m i c  f a c t o r s  f u r t h e r  m i n i m i z e  
a d v a n t a g e s  of d i f fus ion  pumping  fo r  l a r g e  i n s t a l l a t i o n s .  

S e v e r a l  m e t h o d s  for  h y d r o g e n  and h e l i u m  gas  r e m o v a l  a r e  c u r r e n t l y  
u n d e r  i n v e s t i g a t i o n .  Low t e m p e r a t u r e  p h y s i c a l  a d s o r p t i o n  Ccryosorp t ion) ,  
and v a r i o u s  f o r m s  of g e t t e r i n g  a r e  be ing  eva lua t ed .  S ince  c r y o p u m p i n g  
t e c h n i q u e s  a r e  u sed  to  pump the  m a j o r i t y  of g a s e s ,  the  i n c o r p o r a t i o n  of 
c r y o s o r p t i o n  pumping  at a s m a l l  add i t i ona l  cos t  is  a t t r a c t i v e .  

R e c e n t  r e s e a r c h  (Refs .  1 and 2) i n d i c a t e s  m o l e c u l a r  s i e v e  5A, a s i l i -  
cate  b a s e  zeo l i t e ,  exh ib i t ed  d e s i r a b l e  e r y o s o r p t i o n  p r o p e r t i e s .  A s a m p l e  
of th i s  m a t e r i a l  was  eva lua t ed  to d e t e r m i n e  i t s  s u i t a b i l i t y  fo r  use  in s p a c e  
c h a m b e r s .  The  d e s i r e d  i n f o r m a t i o n  inc luded  pumping  speed  and c a p a c i t y  
of th~ m a t e r i a l ,  e f f ec t s  of c o m m o n  s p a c e  c h a m b e r  c o n t a m i n a n t s  on p u m p -  
ing speed ,  and m e c h a n i c a l  i n t e g r i t y  of the  m a t e r i a l  in  a t y p i c a l  s p a c e  
c h a m b e r  i n s t a l l a t i o n .  

SECTION II 
APPARATUS, INSTRUMENTATION, AND INSTALLATION 

2.1 TEST CHAMBER 

E v a l u a t i o n  of the  m o l e c u l a r  s i e v e  5A was  conduc ted  in  the A e r o s p a c e  
R e s e a r c h  C h a m b e r  (TV), F ig .  1. T h i s  c h a m b e r  is  7 ft in d i a m e t e r  and 
12 ft in l eng th .  A l i q u i d - n i t r o g e n - c o o l e d  c h a m b e r  l i n e r  (6 ft in d i am by 
12 ft long) is  r e f r i g e r a t e d  by a 50-kw p r e s s u r i z e d  n i t r o g e n  s y s t e m .  A 
1-kw g a s e o u s  h e l i u m  r e f r i g e r a t i o n  s y s t e m  p r o v i d e s  coo lan t  to c r y o p a n e l s  
as  r e q u i r e d  for  t e s t s ,  and was  u sed  to cool  the  m o l e c u l a r  s i e v e  5A s a m p l e  
in the  r a n g e  of 1"3 to 30~K. Two 32- in .  oil  d i f fus ion  pumps  backed  by two 
6- in .  pumps  p r o v i d e d  add i t iona l  pumping  capac i ty .  
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2.2 TEST SURFACE 

A 300-g a d s o r b e n t  s a m p l e  was  u s e d  in the  s tudy,  F ig .  2. This  s a m p l e  
was  bonded  to the  s m o o t h  s ide  of a 29- by 47 - in .  s i ng l e  e m b o s s e d  s t a i n l e s s  
s t e e l  pane l .  The  pane l  was  edged  wi th  a s t a i n l e s s  s t e e l  s t r i p  wh ich  l i m i t e d  
the  e x p o s e d  s i e v e  a r e a  to 8 .35 ft 2. Th is  a s s e m b l y ,  wi th  a 1 / 1 6 - i n .  - t h i c k  
a d s o r b e n t  t igh t ly  b o n d e d  to the  s u r f a c e ,  p r o v i d e d  a pane l  t h r o u g h  which  
g a s e o u s  h e l i u m  cou ld  be c i r c u l a t e d .  (A 0 . 0 1 9 - i n .  16 by 16 m e s h  s t a i n l e s s  
s t e e l  s c r e e n  i n t e r m i t t e n t l y  b r a z e d  to the  pane l  was  i m b e d d e d  in the  s i e v e  
m a t e r i a l  to p r o v i d e  add i t i ona l  s t r e n g t h  and t h e r m a l  coo l ing .  P o r t i o n s  of 
th i s  s c r e e n  w e r e  v i s i b l e  in the  s i eve ,  r e s u l t i n g  in a s m a l l  a r e a  r e d u c t i o n  in 
the  pumping  s u r f a c e .  ) 

A m e a n s  of l i b e r a t i n g  p r e a d s o r b e d  g a s e s  f r o m  the  a d s o r b e n t  is r e q u i r e d .  
R e s i s t i v e  hea t ing ,  p r o v i d e d  by s ix  500-w s t r i p  h e a t e r s  m o u n t e d  on the  e m -  
b o s s e d  s ide  of the  panel  as shown in Fig .  2, was  u s e d  fo r  th i s  pu rpose .  

2.3 TEST INSTRUMENTATION 

The  a p p a r a t u s  u s e d  to i n t r o d u c e  h y d r o g e n  and h e l i u m  t e s t  gas  into the  
c h a m b e r  is  shown in Fig.  3. Two cons t an t  conduc tance  l e a k s  m a d e  f r o m  
porous  s i n t e r e d  s t a i n l e s s  s t e e l  plugs m e t e r e d  the g a s e s .  R e f e r e n c e  3 
d e s c r i b e s  the  l e a k s  and t h e i r  c a l i b r a t i o n  p r o c e s s .  P e r i o d i c  c a l i b r a t i o n  
t h roughou t  the  t e s t s  c o n f i r m e d  cons tan t  conduc tance  v a l u e s  of the  l e a k s .  

C h a m b e r  p r e s s u r e s  w e r e  d e t e r m i n e d  by nude ion i za t i on  g a g e s  and a 
m a s s  s p e c t r o m e t e r .  In the  in i t i a l  t e s t  phase ,  the  i on i za t i on  g a g e s  w e r e  
c a l i b r a t e d  u s ing  a known o r i f i c e  c a l i b r a t i o n  s y s t e m  (l~ef. 4), and m a s s  
s p e c t r o m e t e r  s e n s i t i v i t i e s  w e r e  d e t e r m i n e d  by c o m p a r i s o n  with the  c a l i -  
b r a t e d  gages .  In s u c c e e d i n g  t e s t s  i n - c h a m b e r  gage  c a l i b r a t i o n s  w e r e  
m a d e  by a p r e s s u r e  r a t e - o f - r i s e  m e t h o d  us ing  the  known c h a m b e r  v o l u m e  
and c a l i b r a t e d  l e a k s .  

Six c o p p e r - c o n s t a n t a n  t h e r m o c o u p l e s  a t t a c h e d  to the  panel  w e r e  u s e d  
to m o n i t o r  a c t i va t i on  t e m p e r a t u r e s .  C r y o g e n i c  o p e r a t i n g  t e m p e r a t u r e s  
w e r e  d e t e r m i n e d  f r o m  h y d r o g e n  vapo r  p r e s s u r e  t h e r m o m e t e r s  l o c a t e d  in 
the panel  in le t  and out le t  l i n e s .  

2.4 TEST INSTALLATIONS 

The  t e s t  p r o g r a m  was a c c o m p l i s h e d  in two t e s t  c h a m b e r  e n t r i e s .  
T h e s e  t e s t  p e r i o d s  w e r e  s e p a r a t e d  by 2 - 1 / 2  m o n t h s  du r ing  which  t i m e  
the pane l  was  s t o r e d  in an u n c o n d i t i o n e d  a r e a .  
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2.4.1 Phase I 

P h a s e  I t e s t i n g  was  c o n d u c t e d  in c o n j u n c t i o n  with  a m o l e c u l a r  k i n e t i c s  
s tudy  (Ref.  5). The  c h a m b e r  v o l u m e  in wh ich  the  pane l  was  i n s t a l l e d  was  
r e d u c e d  by the  i n s t a l l a t i o n  of a l i q u i d - n i t r o g e n - c o o l e d  wal l  in the  c h a m b e r  
so that  the t e s t  v o l u m e  was  a p p r o x i m a t e l y  6 ft in d i a m e t e r  and 7 ft long.  
The  c r y o s o r p t i o n  pane l  wi thout  the  m o l e c u l a r  k i n e t i c s  m o d e l  in p l ace  is  
shown in F ig .  4. F i g u r e  5 shows  both t e s t  i n s t a l l a t i o n s  in p l a c e  and the 
as  s oc ia t e  d i n s t r u m e n t a t i o n .  

2.4.2 Phase II 

In Phase II, the adsorbent panel was installed as shown in Fig. 6. 
The entire chamber was used. During this test, the diffusion pumps were 
not exposed directly to the test volume unless the 2-ft-diam separating 
valve was opened. The valve was opened during panel activation to permit 
the 32-in. pumps to remove the 77~ noncondensable gases desorbed during 
this period. A copper cryopanel, cooled by exhaust helium from the cryo- 
sorption panel, extended the length of the test section. All openings in the 
LN2-cooled liner were sealed with aluminum foil. Thus, the cryosorption 
panel was surrounded by a clean test volume pumped by the adsorbent, a 
20°K cryosurface, and the 77°K wall. Gas was admitted into the chamber 
through the diffusing ball shown in Fig. 6. 

SECTION III 
PROCEDURE 

3.1 DEFINITION OF PARAMETERS 

The  equa t ion  d e s c r i b i n g  the v o l u m e t r i c  pumping  s p e e d  r e d u c e s  f r o m  
the P e r f e c t  Gas l aw  and the  c o n s e r v a t i o n  of m a s s  to 

where 

s= Q 
Pp- PB 

S = volumetric pumping speed (~/sec) 

Q = test gas flow rate (torr ~/sec) 

Pp = Pumping pressure with flow rate imposed (tort) 

PB = Residual pressure attainable after the test gas flow 
was terminated. In all cases this was negligible. 

3 
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Two types  of p r e s s u r e - t i m e  cu rves  were  observed ,  depending on the 
gas  flow ra t e .  F o r  sma l l  f lows, typical  constant  p r e s s u r e  pumping was 
obse rved  as shown below. 

f 
I¢,--F ] ow On 

~ Pp (Pumping Pressure) 

/Flow Off 

(Base  P r e s s u r e )  

T i me 

As shown in the next sketch,  h igher  flow r a t e s  were  accompanied  by con- 
t inual ly  i nc r ea s ing  pumping p r e s s u r e s  as the adsorbent  loading inc reased .  

t~ 

:3 
:,') 

. , j )  

Continued T r a n s i e n t  

P P ~ o w  O f f  

PB 

Time 

The pumping p r e s s u r e  used to compute the pumping speed for  the 
t r ans i en t  case  was the point at which the s lope of the p r e s s u r e - t i m e  curve  
became  constant  a f t e r  the t es t  gas  flow was s t a r t ed .  This  o c c u r r e d  f fnmedi-  
a tely a f t e r  the init ial  t r an s i en t  subsided.  In all ca ses  r e p o r t e d  he re in  l e s s  
than five pe rcen t  of the tes t  gas  flow is r ep re se . l t ed  by the p r e s s u r e - t i m e  
t r ans i en t ;  that  is,  95 percent  of the m e t e r e d  flex, was being pumped as the 
m e a s u r e m e n t s  were  made .  

3.2 GENERAL PROCEDURE 

The g e n e r a l  tes t  p rocedure  used  in both phases  was as follows: 

1. The c h a m b e r  was rough pumped using the mechan ica l  pump. 

4 
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2. Di f fus ion  pumps  w e r e  s t a r t e d  and al l  LN 2 s u r f a c e s  w e r e  
coo led .  

3. The  a d s o r b e n t  m a t e r i a l  was  a c t i v a t e d  by hea t ing .  
A t yp i ca l  a c t i v a t i o n  cyc l e  is  shown in F ig .  7. 

4. A f t e r  a c t i va t i on ,  the c r y o s o r p t i o n  pane l  was  coo led  to 
o p e r a t i n g  t e m p e r a t u r e  by a f low of g a s e o u s  h e l i u m .  

5. T e s t  gas  was  i n t r o d u c e d  into the c h a m b e r  at v a r i o u s  f low 
r a t e s .  By m e a s u r i n g  the r e s u l t i n g  c h a m b e r  p r e s s u r e s  
at e a c h  f low r a t e ,  the  pumping  s p e e d  of the a d s o r b e n t  
could  be c o m p u t e d .  A t e s t  r u n  was  c o n s t i t u t e d  by v a r y -  
ing the f low r a t e s  o v e r  a wide r a n g e  fo r  e ach  a d s o r b e n t  
t e m p e r a t u r e  c a s e .  

3.3 TEST SEQUENCE 

3.3.1 Phase I 

The  t e s t  

1. 

. 

. 

sequence of Phase I was as follows: 

Pumping speed of the 32-in. oil diffusion pumps was 
determined before panel activation. 

The panel was activated and hydrogen pumping speeds 
were determined with both the 32-in. pumps and panel 

operating. 

Four thousand arm cc of water vapor were deposited on 
the panel and hydrogen pumping speed measurements 
repeated. No activation was conducted between steps 

2 and 3. 

3.3.2 Phase il 

The fo l lowing  test sequence was used in Phase II: 

i. The minimum pressure attainable in the test volume 
was determined following the adsorbent panel activation 
and cooldown of all cryosurfaces. 

2. Hydrogen pumping speed data (Run I) were obtained with 

the panel at 17.5°K. 

3. Vacuum conditions from Run 1 were maintained and the 
sieve was reactivated. Hydrogen pumping speed data 
were obtained with a 20.0~K panel (Run 2). 

5 
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4. 

. 

. 

. 

. 

The  panel  was r e a c t i v a t e d  u n d e r  cont inuous  vacuum,  
coo led  to 18.5~K, and h y d r o g e n  pumping  s p e e d  da ta  
w e r e  ob ta ined  with v a r i o u s  amoun t s  of w a t e r  v a p o r  
c o n t a m i n a n t  on the  s i e v e  (Run 3). The  7 7 ~  ce l l  l i n e r  
was  not coo led  du r ing  th is  run.  

P a n e l  r e a c t i v a t i o n  and coo ldown to 16.4"K p r e c e d e d  
7 7 ~  h y d r o g e n  pumping  s p e e d  m e a s u r e m e n t s  wi th  
s u c c e s s i v e  amoun t s  of a t m o s p h e r i c  a i r  c o n t a m i n a n t s  
a d m i t t e d  to the panel  (Run 4). 

The  panel  was r e a c t i v a t e d  and the  pumping  s p e e d  for  
779< h e l i u m  d e t e r m i n e d  with a 13.6°K panel  t e m p e r a -  
t u r e  (Run 5). 

Fo l lowing  the h e l i u m  run ,  and without  a panel  a c t i v a -  
t ion,  77aK h y d r o g e n  pumping  s p e e d  with a 1 3 . 6 ~  
panel  was  d e t e r m i n e d  (Run 6). 

The  c h a m b e r  was  b rought  to a t m o s p h e r i c  cond i t ions  
and the  s i e v e  5A e x p o s e d  fo r  a p p r o x i m a t e l y  36 hr .  
Cel l  pumpdown,  a d s o r b e n t  ac t iva t ion ,  and cooldown 
p r e c e d e d  m e a s u r e m e n t  of h y d r o g e n  pumping  s p e e d  
with 17~K a d s o r b e n t  (Run 7). 

SECTION IV 
RESULTS 

4.1 PHASE I 

B e c a u s e  of i n su f f i c i en t  h e l i u m  flow to the  c r y o s o r p t i o n  panel ,  the  
d e s i r e d  o p e r a t i n g  t e m p e r a t u r e s  w e r e  not ob ta ined  in P h a s e  I. H o w e v e r ,  
a h y d r o g e n  pumping  s p e e d  of 4000 ~ / s e c  fo r  the panel  was  o b s e r v e d  even  
with an a v e r a g e  pane l  t e m p e r a t u r e  of 34@K. H e l i u m  r e f r i g e r a n t  f low was  
con t inued  dur ing  the  w a t e r  vapo r  depos i t i on  pe r iod ,  r e s u l t i n g  in a m e a n  
panel  t e m p e r a t u r e  d e c r e a s e  of 99< b e f o r e  the  next  se t  of data  was  t aken .  
P u m p i n g  s p e e d s  m e a s u r e d  then  w e r e  s i m i l a r  to v a l u e s  ob ta ined  b e f o r e  
c o n t a m i n a t i o n  (Fig.  8). 

4.2 PHASE II 

A suf f i c i en t  h e l i u m  r e f r i g e r a n t  f low was p r o v i d e d  such  that  the  
a d s o r b e n t  pane l  i n l e t - o u t l e t  t e m p e r a t u r e  d i f f e r e n t i a l  was l e s s  than  1/2~K. 
One e x c e p t i o n  o c c u r r e d .  Dur ing  and a f t e r  the  w a t e r  v a p o r  depos i t ion ,  
r a d i a t i o n  hea t  l oads  f r o m  the  a m b i e n t  t e m p e r a t u r e  s u r r o u n d i n g s  caused  
a I@K d i f f e r en t i a l .  
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4.2.1 Runs 1, 2, and 7 - 77°K Hydrogen Adsorption on Molecular Sieve 5A 

T h r e e  s e t s  of 77°K h y d r o g e n  pumping  s p e e d  da ta  a r e  p r e s e n t e d  in 
Fig .  9. The  da ta  r e p r e s e n t  t h r e e  r u n s ,  1, 2, and 7, wi th  e s s e n t i a l l y  
two t e m p e r a t u r e  cond i t ions  and the fo l lowing  a c t i v a t i o n  h i s t o r i e s .  

P r i o r  to Run 1, the a d s o r b e n t  pane l  had  b e e n  s t o r e d  2 - 1 / 2  m o n t h s .  
The  pane l  was  i n s t a l l e d  and a c t i v a t e d ,  and h y d r o g e n  pumping  s p e e d s  
w e r e  d e t e r m i n e d .  At the c o m p l e t i o n  of th i s  t e s t ,  v a c u u m  cond i t i ons  
w e r e  m a i n t a i n e d  and the  pane l  r e a c t i v a t e d  p r i o r  to conduc t ing  Run 2. 
P r i o r  to Run 7, a f t e r  Run 2, the c h a m b e r  was  opened  and t h e ' a d s o r b e n t  
e x p o s e d  to a t m o s p h e r i c  cond i t i ons  b e f o r e  ac t i va t i on .  

P u m p i n g  s p e e d s  of 8 . 7  x 104 ~ / s e c  w e r e  o b s e r v e d  d u r i n g  Run 1 in 
the low p r e s s u r e  r a n g e s  wi th  s i e v e  t e m p e r a t u r e s  n e a r  17~K. A c o r r e c -  
t ion  fo r  the  c o n s t a n t  s p e e d  of the 32- in .  d i f fus ion  p u m p s  is i n c l u d e d  in 
Run 1 data;  in s u c c e e d i n g  r u n s  t h e s e  pumps  w e r e  not  o p e r a t e d .  

All  r u n s  e x h i b i t e d  an e x p o n e n t i a l l y  d e c r e a s i n g  pumping  s p e e d  wi th  
i n c r e a s i n g  f low r a t e s .  Some  f o r m  of pumping  s p e e d  d e c r e a s e  would  be 
e x p e c t e d  wi th  i n c r e a s e d  pane l  l o a d i n g s ,  but to d e m o n s t r a t e  tha t  the  
d e c r e a s e  in pumping  s p e e d  was  not  e n t i r e l y  d e p e n d e n t  on pane l  l oad ing ,  
the  da ta  in l~un 2 w e r e  t a k e n  in the s e q u e n c e  shown in Fig .  9. A r e c o v e r y  
in pumping  s p e e d  is a p p a r e n t  a f t e r  the r e d u c t i o n  in h y d r o g e n  f low r a t e  
f r o m ' P o i n t s  2 and 3. Cons tan t  p r e s s u r e  pumping  was  o b s e r v e d  unt i l  the  
20°K a d s o r b e n t  was  l o a d e d  wi th  33 .4  a rm cc of h y d r o g e n .  

As m e n t i o n e d  e a r l i e r ,  t r a n s i e n t  pumping  a c c o m p a n i e d  h igh m a s s  f low 
r a t e s  and l a r g e  pane l  l o a d i n g s .  F i g u r e  i0 ,  w h i c h  is  a c o n t i n u a t i o n  of 
Run 2 to l a r g e  gas  l o a d i n g s ,  i n d i c a t e s  the m a g n i t u d e  of th i s  t r a n s i e n t .  
P u m p i n g  s p e e d s  w e r e  c a l c u l a t e d  at v a r i o u s  c u m u l a t i v e  m a s s  l o a d i n g s  
whi l e  m a i n t a i n i n g  h y d r o g e n  flow r a t e  at  0 . 7 2  t o r r  ~ / s e c .  The 6 - i n .  d i f -  
fu s ion  pumps  (200 ~ / s e c )  w e r e  c l o s e d  a f t e r  a m a s s  l oad ing  of 2 .5  a r m  
and  the  r e m a i n i n g  da ta  w e r e  ob t a ined  wi th  only c r y o s o r p t i o n  p u m p i n g .  
B a s e  p r e s s u r e  a f t e r  a d m i s s i o n  of 8 a r m  I of h y d r o g e n  was  I .  3 x 10-5 t o r r  
m e a s u r e d  15 rain a f t e r  t e r m i n a t i n g  the  gas  in f low.  The  s a m e  f low r a t e  
was  a g a i n  i n i t i a t e d  and  no p u m p i n g  s p e e d  r e c o v e r y  was  no t ed .  

A p e r f o r m a n c e  d e g r a d a t i o n  was  o b s e r v e d  in e a c h  s u c c e e d i n g  r u n  u n d e r  
con t inuous  v a c u u m ,  a p p a r e n t l y  r e s u l t i n g  f r o m  the  e f fec t s  of r e p e a t e d  
a c t i v a t i o n s .  P u m p i n g  s p e e d  v a l u e s  d e t e r m i n e d  in Run 7 i n d i c a t e d  tha t  
a d s o r b e n t  p e r f o r m a n c e  could  be r e s t o r e d  by expos ing  the  m a t e r i a l  to 
a t m o s p h e r i c  cond i t i ons  p r i o r  to a c t i v a t i o n  and use .  

I s o t h e r m  da ta  fo r  Run 7 (Fig .  1 i) i n d i c a t e  the  c a p a c i t i e s  p r o v i d e d  in 
the h igh  and u l t r a h i g h  v a c u u m  r e g i o n s .  
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4.2.2 Run 3 - 300°1( Hydrogen Adsorption on Weter-Contamineted Sieve 5A 

T h e  LN2 s u r f a c e s  w e r e  not coo l ed  and the  d i f fus ion  pumps  w e r e  not 
o p e r a t e d  d u r i n g  Run 3. Th i s  e n s u r e d  tha t  the  w a t e r  v a p o r  c o n t a m i n a t i o n  
would  de po s i t  on the  20~K s u r f a c e s .  S ince  the  i n t e r i o r  l i n e r  was  not 
coo led ,  the  r a d i a t i o n  hea t  l oad  f r o m  th is  s o u r c e  l i m i t e d  the  c r y o s o r p t i o n  
pane l  out le t  t e m p e r a t u r e  to 18.5~K. 

A t a r e  point  (No. 1 in F ig .  12) was  t a k e n  to e s t a b l i s h  the  in i t i a l  
pumping  s p e e d  with  the  a d s o r b e n t  u n c o n t a m i n a t e d .  A fo l lowing  point  
(No. 2) was  t a k e n  wi th  a c o m b i n e d  h y d r o g e n  and w a t e r  v a p o r  i n b l e e d  
wh ich  p r o v i d e d  a to ta l  ce l l  p r e s s u r e  in the low 10-5 t o r t  r a n g e .  
H y d r o g e n  p a r t i a l  p r e s s u r e  was  d e t e r m i n e d  by a m a s s  s p e c t r o m e t e r ;  at 
the  t i m e  of m e a s u r e m e n t ,  360 a t m  cc  of w a t e r  v a p o r  had b e e n  a d m i t t e d .  
H y d r o g e n  f low was  then  t e r m i n a t e d  and the  w a t e r  f low was  c o n t i n u e d  unt i l  
665 a t m  cc  had  been  a d m i t t e d .  Two add i t i ona l  da ta  poin ts  w e r e  d e t e r m i n e d  
wh ich  y i e l d e d  pumping  s p e e d  v a l u e s  in e x c e s s  of the m a x i m u m  t h e o r e t i c a l  
r a t e  of s t r i k e  on the  s i e v e  a r e a .  

4.2.3 Run 4 - 77°K Hydrogen Pumping on Air-Contaminated Sieve 5A 

F o l l o w i n g  pane l  a c t i v a t i o n  and  coo ldown,  t h r e e  t a r e  poin ts  w e r e  de -  
t e r m i n e d  ( F i g .  13). T h e n  a 4 6 5 - a t m  cc  a i r  s a m p l e  c o n t a i n i n g  an  unknown 
a m o u n t  of w a t e r  v a p o r  was  a d m i t t e d .  A t e n - f o l d  d e c r e a s e  in h y d r o g e n  
p u m p i n g  s p e e d  was  o b s e r v e d .  A i r  i n b l e e d  was  c o n t i n u e d  unt i l  6850 a t m c c  
had  b e e n  a d m i t t e d  and an i n c r e a s e  in pumping  s p e e d  was  o b s e r v e d .  

4.2.4 Run S - 77°K Helium Adsorption on 13.6°!( Molecular Sieve 5A 

The  f e a s i b i l i t y  of 77~K h e l i u m  a d s o r p t i o n  with  s i e v e  5A was  d e t e r m i n e d .  
As shown in F ig .  14, pumping  s p e e d s  of 400 ~ / s e c  w e r e  o b s e r v e d .  Only 
c r y o g e n i c  pumping  was  u s e d  d u r i n g  th i s  r un ,  and all  pumping  s p e e d  m e a s -  
u r e m e n t s  w e r e  m a d e  at cons t an t  p r e s s u r e .  D u r i n g  the  t e s t ,  14 a t m  cc  of 
h e l i u m  w e r e  a d s o r b e d .  R e s i d u a l  p r e s s u r e  a t t a i n e d  a f t e r  th i s  a m o u n t  of 
gas  a d s o r b e d  was  1 .5  x 10-7 m m  Hg. 

4.2.5 Run 6 - 77°K Hydrogen Adserption with 13.6°1( Moleculer Sieve SA 

H y d r o g e n  pumping  s p e e d s  w e r e  d e t e r m i n e d  wi th  the  a d s o r b e n t  at 
13.6~K wi th  no a c t i v a t i o n  fo l lowing  l~un 5. U n e x p e c t e d l y  low v a l u e s  n e a r  
2 .0  x 103 ~ / s e c  w e r e  o b s e r v e d  (Fig .  15), p o s s i b l y  r e s u l t i n g  f r o m  the  
e f f ec t s  of p r e a d s o r b e d  h e l i u m .  T h e  c a p a c i t y  was  s i g n i f i c a n t l y  high; a 
r e s i d u a l  h y d r o g e n  p r e s s u r e  of 1 .8  x 10-7 t o r r  was  o b s e r v e d  wi th  
27 ,200  a t m  cc  a d s o r b e d .  

Upon c o m p l e t i o n  of the  t e s t s ,  the  pane l  was  e x a m i n e d  fo r  s t r u c t u r a l  
i n t e g r i t y  and o t h e r  o b s e r v a b l e  c h a n g e s .  The  m a t e r i a l  r e m a i n e d  a t t a c h e d  

8 
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No o t h e r  v i s u a l  c h a n g e s  w e r e  

SECTION V 
DISCUSSION 

5.1 HYDROGEN ADSORPTION ON MOLECULAR SIEVE 5A 

H y d r o g e n  pumping  s p e e d s  on f r e s h l y  a c t i v a t e d  s i e v e  5A at p r e s s u r e s  
of 10 -8 t o r t  w e r e  found to be about  ha l f  the  t h e o r e t i c a l  m a x i m u m  r a t e  of 
s t r i k e .  T h i s  was  d e m o n s t r a t e d  on two r u n s  (Fig .  9) and r e p r e s e n t s  h y d r o -  
gen  pumping  s p e e d s  tha t  c o m p a r e  qui te  f a v o r a b l y  wi th  d i f fus ion  p u m p s  of 
c o m p a r a b l e  a r e a .  As h y d r o g e n  f low r a t e s  (i. e . ,  r a t e s  of m o l e c u l a r  s t r i k e )  
w e r e  i n c r e a s e d ,  the  h igh pumping  s p e e d  a d v a n t a g e  d i s a p p e a r e d  unt i l ,  at  
a p r e s s u r e  of 10-5 t o r r ,  the  p u m p i n g  s p e e d  was  only  5 p e r c e n t  of the  
t h e o r e t i c a l  m a x i m u m .  C l e a r l y ,  s e v e r a l  o t h e r  m e a n s  of h y d r o g e n  p u m p i n g  
cou ld  be  m o r e  a t t r a c t i v e  in t h e s e  p r e s s u r e  r a n g e s .  

The  t r e n d  of d e c r e a s i n g  pumping  s p e e d  with i n c r e a s i n g  r a t e  of m o l e c u l a r  
s t r i k e  i n d i c a t e s  a l i m i t i n g  a d s o r p t i o n  m e c h a n i s m .  P o s s i b l y  th i s  m e c h a n i s m  
is d i f fus ion .  In any c a s e ,  the pumping  s p e e d  d e c r e a s e  cou ld  be  m i n i m i z e d  
by us ing  s p e c i a l  e x t e n d e d  s u r f a c e s ,  fo r  e x a m p l e ,  deep  c o r r u g a t i o n s  o r  
p a r a l l e l  pane l  a r r a y s  coa t ed  wi th  a d s o r b e n t .  

5.2 DEGRADATION OF PERFORMANCE WITH ACTIVATION 

In g e n e r a l ,  a p e r f o r m a n c e  d e g r a d a t i o n  was  o b s e r v e d  wi th  r e p e a t e d  
pane l  a c t i v a t i o n s  if v a c u u m  cond i t i ons  w e r e  m a i n t a i n e d  b e t w e e n  s u c c e s s i v e  
r u n s .  Da ta  in F ig .  9 and t a r e  poin ts  t a k e n  b e f o r e  Runs  3, 4, and 6 b e a r  t h i s  
out. H o w e v e r ,  it was  found that  the  pumping  s p e e d  could  be r e c o v e r e d  
a f t e r  an a t m o s p h e r i c  e x p o s u r e .  Both p h e n o m e n a  have  been  o b s e r v e d  in 
o t h e r  work  (Refs .  2 and 6), and an e x p l a n a t i o n  has  b e e n  p r e s e n t e d  b a s e d  on 
c a t a l y t i c  ac t ion  in the s i e v e  m a t e r i a l .  

Al though  u n d e s i r a b l e ,  t h e s e  c h a r a c t e r i s t i c s  a p p e a r  p r e d i c t a b l e .  In 
F ig .  9, the two s e t s  of pumping  s p e e d  da ta  p r e c e d e d  by an a t m o s p h e r i c  
e x p o s u r e  a r e  n e a r l y  i d e n t i c a l .  R e f e r e n c e s  2 and  6 a l s o  r e p o r t  tha t  
pumping  s p e e d s  a f t e r  a t m o s p h e r i c  e x p o s u r e  and a c t i v a t i o n  t end  t o w a r d  a 
c o m m o n  va lue .  F u r t h e r m o r e ,  if a r e p e a t e d  a c t i v a t i o n  is r e q u i r e d  to  
r e s t o r e  h y d r o g e n  c r y o s o r p t i o n  p r o p e r t i e s ,  it is  r e a s o n a b l e  to a s s u m e  
tha t  such  an a c t i v a t i o n  as u s e d  in th i s  s tudy  would  be u n n e c e s s a r y .  An 
a c t i v a t i o n  at 1 0 0 ~  fo r  a s h o r t  t i m e ,  d e p e n d i n g  on the a v a i l a b l e  h y d r o g e n  
pumping  capab i l i t y ,  shou ld  fu l ly  r e s t o r e  the  a d s o r b e n t  p r o p e r t i e s  wi thout  
an a t m o s p h e r i c  e x p o s u r e .  
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The in i t i a l  a c t i v a t i o n  ~chedule would be e x p e c t e d  to affect  the h y d r o -  
gen  pumping  s p e e d .  R e f e r e n c e s  1, 2, and 6 i nd i ca t e  that  the  p r i m a r y  
c o n t a m i n a n t  a f t e r  a t m o s p h e r i c  e x p o s u r e  is w a t e r  vapo r .  G a r e i s  and 
P i t l o r  (Ref .  6) s u g g e s t  that  s a t i s f a c t o r y  c r y o s o r p t i o n  pumping  wi th  
m o l e c u l a r  s i e v e  5A can  be ob ta ined  if the a d s o r b e d  w a t e r  v a p o r  is r e d u c e d  
to a m a x i m u m  of 5 p e r c e n t  by we igh t .  In the  p r e s e n c e  of a l a r g e  w a t e r  
v a p o r  p u mp i ng  capac i ty ,  such  as l i q u i d - n i t r o g e n - c o o l e d  pane l s ,  a c t i v a t i o n  
t i m e s  could  be r e d u c e d  to the  o r d e r  of m i n u t e s  at 400°F. 

5.3 EFFECTS OF CONTAMINANTS ON HYDROGEN PUMPING SPEEDS 

The e x p e r i m e n t a l  o b s e r v a t i o n s  of th i s  s tudy  s e e m  to conf l i c t  wi th  
p r e v i o u s  r e s u l t s  r e g a r d i n g  the e f fec t s  of w a t e r  v a p o r  c o n t a m i n a t i o n .  How- 
e v e r ,  the  m e t h o d  of app l i ca t i on  m u s t  be c o n s i d e r e d .  R e f e r e n c e  2 r e p o r t s  
that  w a t e r  v a p o r  c o n t a m i n a t i o n  was a c c o m p l i s h e d  by e x p o s u r e  to a t m o s -  
p h e r i c  a i r .  V a r i o u s  w a t e r  load ings  f r o m  6 .5  to 15.9 p e r c e n t  by weigh t  w e r e  
ob ta ined .  As the  w a t e r  c o n t a m i n a t i o n  was  app l i ed  as a f ro s t  in th i s  s tudy,  
it is thus  i n d i c a t e d  that  h y d r o g e n  a d s o r p t i o n  by w a t e r  v a p o r  depends  on the  
m e t h o d  of w a t e r  v a p o r  app l i ca t i on .  This  p h e n o m e n o n  was i n v e s t i g a t e d  
f u r t h e r ,  and the  r e s u l t s  a r e  r e p o r t e d  in Ref. 7. 

The  s i g n i f i c a n c e  of the n i t r o g e n  c o n t a m i n a t i o n  data  is  not ful ly u n d e r -  
s tood.  In i t i a l ly ,  a f t e r  the  a d m i s s i o n  of a s m a l l  amount  of a i r ,  pumping  
s p e e d  d r o p p e d  as expec t ed ,  but a f t e r  a l a r g e  amount  of a i r  was i n t r o d u c e d  
the  pumping  s p e e d  i n c r e a s e d .  P o s s i b l y  the c o m b i n e d  a d s o r p t i o n  e f f ec t s  of 
w a t e r  vapo r  and c o n d e n s e d  n i t r o g e n  could account  fo r  the r e c o v e r y .  Th i s  is  
s u p p o r t e d  by the  c o n c l u s i o n s  of Hunt et  al. (Ref. 8) and He m s t r e e t  et  al. 
(Ref. 9). Howeve r ,  f u r t h e r  i n v e s t i g a t i o n  would be r e q u i r e d  to suppor t  th is  
conc lus ion .  

SECTION Vl 
CONCLUSIONS 

The  fo l lowing  c o n c l u s i o n s  a r e  m a d e  on the  b a s i s  of the e x p e r i m e n t a l  
r e s u l t s :  

1. H y d r o g e n  pumping  s p e e d s  n e a r  the  t h e o r e t i c a l  m a x i m u m  
r a t e  of s t r i k e  can be r e a l i z e d  on m o l e c u l a r  s i e v e  5A. 

2. P u m p i n g  s p e e d s  and c a p a c i t i e s  fo r  h y d r o g e n  a r e  r e l a t e d  
to o p e r a t i n g  t e m p e r a t u r e s  and pas t  h i s t o ry .  

3. H e l i u m  can be s u c c e s s f u l l y  pumped  with m o l e c u l a r  s i e v e  5A. 
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4. Water  vapor  p reven ts  c r y o s o r p t i o n  by m o l e c u l a r  s ieve  5A, 
but water  vapor  applied under  vacuum on nea r  20°K s u r -  
faces  has a s igni f icant  adsorbent  capaci ty  for  hydrogen.  

5. Twen ty -deg  (K) condensables  s e r i o u s l y  degrade  adsorben t  
pe r fo rmance .  

6. R e s i s t i v e  heat ing  is  an acceptable  and convenient  ac t iva t ion  
method.  

7. Mechanica l  i n t eg r i ty  of the s i e v e - s u b s t r a t e  combinat ion  is 
suff ic ient  to wi ths tand shipping,  handling,  t h e r m a l  cycl ing,  
and r epea ted  usage.  
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m a r k i n g s  h a v e  b e e n  u s e d  for Group 3 and  Group 4 a s  au tho r -  
ized.  

3. R E P O R T  T I T L E :  Ente r  t he  c o m p l e t e  repor t  t i t l e  in all  
c ap i t a l  l e t t e r s .  T i t l e s  in  al l  c a s e s  s h o u l d  be  u n c l a s s i f i e d .  
If a m e a n i n g f u l  t i t l e  c a n n o t  be  s e l e c t e d  wi thout  c l a s s i f i c a -  
t lon ,  s h o w  t i t l e  c l a s s i f i c a t i o n  in  a l l  c a p i t a l s  in  p a r e n t h e s i s  
, 'mn.edlare iy  fo l lowing  the  t i t le .  

4. D E S C R I P T I V E  NOTES: If appropr ia t e ,  en t e r  the  t ype  of  
report ,  e . g . ,  interxm, p r o g r e s s ,  summary ,  annua l ,  or f ina l .  
G i ve  the  i n c l u s i v e  d a t e s  w h e n  a s p e c i f i c  r epor t ing  pe r iod  i s  
co ve red .  

5. AUTHOR(S):  En t e r  the  name(s )  o f  au tho r ( s )  a s  s h o w n  on  
or in [he  report .  Enter  l a s t  name.  f i r s t  name,  m i dd l e  in i t i a l .  
If . 'nllitary, s h o w  rank and  b r anch  of  s e r v i c e .  T h e  n a m e  of 
the  p r i n c i p a l  ° : : thor  i s  an  a b s o l u t e  m i m m u m  requ i rement .  

6. R E P O R T  DAT~'-" En t e r  t he  d a t e  of  the  repor t  a s  day,  
month, year; or month, year. If more than one date appears 
on the report, use date of publ icat ion.  

7a. T O T A L  NUMBER O F  PAGES:  T h e  to ta l  p a g e  c o u n t  
s h o u l d  fo l low normal  p a g i n a t i o n  p r o c e d u r e s ,  i . e . ,  e n t e r  t h e  
number  of  p a g e s  c o n t a i n i n g  informat ion .  

7b. NUMBER O F  R E F E R E N C E  -~ Ente r  the  to ta l  number  of  
r e f e r e n c e s  c i t e d  in t h e  report .  

8a.  C O N T R A C T  OR G R A N T  NUMBER: If appropr ia te ,  e n t e r  
the  a p p h c a b l e  number  o f  the  contra~' t  or g ran t  unde r  w h i c h  
t h e  report  w a s  wri t ten .  

8b, 8c, & 8d. P R O J E C T  NUMBER: Entre  the  app rop r i a t e  
mi l i t a ry  d e p a r t m e n t  i d e n t i f i c a t i o n ,  s u c h  a s  p r o j e c t  number ,  
s u b p r o j e c t  number ,  s y s t e m  n u m b e r s ,  *.ask number ,  etc.  

9a.  O R I G I N A T O R ' S  R E P O R T  NUMBER(S): En te r  t h e  off i -  
c ia l  repor t  number  by  w h i c h  the  d o c u m e n t  wil l  be  i d e n t i f i e d  
a nd  c o n t r o l l e d  by t h e  o r i g i n a t i n g  ac t i v i t y .  T h i s  number  m u s t  
b e  u n i q u e  to t h i s  report .  

9b.  O T H E R  R E P O R T  NUMI~ER(S): If t h e  report  h a s  been  
ass:gned any other report numbers ~eJther by" ,the or ig inator  
or by the sponsor), also enter th is  numbers).  

I0. A V A I L A B I L I T Y / L I M I T A T I O N  NOTICES:  E n t e r  any  lim- 
i t a t i o n s  on fu r ther  d m s e m i n a t t o n  o f  the  report ,  o the r  t h a n  t h o s e  

imposed by securi ty c lass i f i ca t ion ,  using standard statements 
s u c h  as :  

(I)  " Q u a l i f i e d  r e q u e s t e r s  may o b t a i n  c o p i e s  of  t h i s  
repor t  from D D C . "  

(2) " F o r e i g n  a n n o u n c e m e n t  and  d i s s e m i n a t i o n  o f  t h i s  
repor t  by  DDC i s  not  a u t h o r i z e d . "  

(3) "U. S. Governmen t  a g e n c i e s  may ob t a in  c o p i e s  o f  
t h i s  repor t  d i r e c t l y  from DDC. O t h e r  qua l i f i ed  DDC 
u s e r s  shal l  r e q u e s t  through 

(4) " U .  S. mi l i ta ry  a g e n c i e s  may  o b t a i n  c o p i e s  of  t h i s  
repor t  d i r ec t l y  from DDC. Othe r  qua l i f i ed  u s e r s  
s h a l l  r e q u e s t  t h rough  

I J p  

(5) " A l l  d i s t r i b u t i o n  of  t h i s  repor t  i s  con t ro l l ed .  Qual-  
i f i ed  DDC u s e r s  sha l l  r e q u e s t  th rough  

s a t  

If t h e  repol t  h a s  b e e n  f u r n i s h e d  to t he  Of f i c e  o f  T e c h n i c a l  
S e r v i c e s .  Depa r tmen t  o f  Commerce ,  for s a l e  to the  pub l i c ,  indi-  
c a t e  t h i s  fac t  and  en te r  t he  l )r ice,  i f  known.  

I L  S U P P L E M E N T A R Y  NOTES: U s e  for add i t i ona l  e x p l a n a -  
tory  no t e s .  

12. SPONSORING MILITARY ACTIVITY:  En t e r  t he  n a m e  of  
t h e  d e p a r t m e n t a l  p r o j e c t  o f f i ce  or  l abo ra to ry  s p o n 3 o r i n g  Cpa~- 
in~ for) t h e  r e s e a r c h  and  deve lopmen t .  I n c l u d e  a d d r e s s .  

13. A B S T R A C T :  E n t e r  an  a b s t r a c t  g i v i n g  a b r ie f  and  f a c t u a l  
summary  of  the  d o c u m e n t  i n d i c a t i v e  of  t he  report ,  e v e n  t h o u g h  
it  .nay a l s o  a p p e a r  e l s e w h e r e  in the  body  of  the  t e c h n i c a l  re- 
port .  If a d d l t i o n s l  s p a c e  Is  required,  a continuation s h e e t  s h a l l  
be a t t a c h e d .  

It i s  h igh ly  d e s i r a b l e  t ha t  the  a b s t r a c t  of  c l a s s i f i e d  r epo r t s  
be  u n c l a s s i f i e d .  E a c h  pa r ag raph  of  the  a b s t r a c t  s h a l l  e n d  with 
a n  i n d i c a t i o n  of  the  mi l i ta ry  s e c u r i t y  c l a s s i f i c a t i o n  of  the  in-  
formation in  the paragraph, represented as ITS). IS). (C). or (U). 

There is no hmitat ion on the length of the abstract. How- 
ever, the suggested length is from 1S0 to 225 words. 

14. KEY WORDS: Key words  a re  t e c h n i c a l l y  m e a n i n g f u l  t e rm s  
or shor t  p h r a s e s  tha t  c h a r a c t e r i z e  a repor t  and  may  be  u s e d  a s  
i ndex  e n t r i e s  for c a t a l o g m g  the  report.  Key words  m u s t  be  
s e l e c t e d  so  tha t  no s e c u r i t y  c l a s s i f i c a t i o n  i s  required.  Iden t i -  
f i e r s ,  s u c h  "as e q u i p m e n t  model  d e s i g n a t i o n ,  t rade  name,  mi l i t a ry  
p ro jec t  code  name ,  g e o g r a p h i c  loca t ion ,  may be u s e d  a s  key  
words  but  wil l  be  fo l lowed by an i n d i c a t i o n  of  t e c h n i c a l  con-  
tex t .  The  a s s i g n m e n t  of  l i nks ,  ro les ,  and  w e i g h t s  xs op t iona l .  
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